議席配分法に対する線形時間アルゴリズム (計算機科学基礎理論の新展開) by 伊藤, 暁 & 井上, 克司
Title議席配分法に対する線形時間アルゴリズム (計算機科学基礎理論の新展開)
Author(s)伊藤, 暁; 井上, 克司









AKIRA ITO KATSUSHI INOUE
YAMAGUCHI UNIVERSITY YAMAGUCHI UNIVERSITY
( , , , ) ,
5 .
. , $O(n\log n)$
. $O$(n) , $n$
, .
1.
(Apportionment Problem) , $v_{1},$ $\ldots,$ $v_{n}\in \mathbb{N}$ $S\in$ ,
$\sum_{\dot{l}=1}^{n}s\{=S$ $s_{1},$
$\ldots,$
$s_{n}\in \mathrm{I}\mathrm{N}$ $\cup\{0\}$ , . , si
\dagger s\tilde : $=s.$ $v:/ \sum_{=j}^{n}\dot{.}vj\in \mathrm{R}$ $\mathrm{V}^{\mathrm{a}}$ .
(proportionml representation) ,
, , . , ,
$si\geq 1$ .
[7, 9, 10]. ,





. , 1 , .
1 . , 7, 11, 3,835,634 .
( ) [3], (priority table)
, .
, 2 . ,
, . 5
.
4 $\mathrm{a}$ $x,$ $y$ [ , $2xy/(x+y)\leq\sqrt{xy}\leq(x+y)/2$ . , $x<2x(x+$
$1)/(2x+1)\leq\sqrt{x(x+1)}\leq x+1/2<x+1$ , Rou $\mathfrak{n}\mathrm{d}_{\mathrm{D}}(x)\leq \mathrm{R}\mathrm{o}\mathrm{u}\mathrm{n}\mathrm{d}_{\mathrm{H}}(x)\leq \mathrm{R}\mathrm{o}\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{o}(x)\leq \mathrm{R}\mathrm{o}\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{s}(x)\leq \mathrm{R}\mathrm{o}\mathrm{u}\mathrm{n}\mathrm{d}_{\mathrm{A}}(x)$
.
, ( )
. , ( $\mathrm{o}\mathrm{t}\mathrm{a}$ method)
*ito@oese.ymaguchi-u.ac.jp
tinoue@c88e.yamaguchi-u.ac.j $\mathrm{p}$
t (quota) $[12, 13]$ . $\sum_{\dot{|}=1}^{\mathfrak{n}}v:/S$ .
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, (A $\mathrm{B}$ A $\mathrm{B}$ )
[9].
, , $[5, 6]$ ,
$[8, 12]$ . , 2 ,
. .
,
, . , 2.1 (1), 2.2
2.3 .
2.
, . , \mbox{\boldmath $\delta$}-
. .
2.1 (\mbox{\boldmath $\delta$}- ) $k\in \mathrm{Z}$ , $k\delta=\Delta\{\begin{array}{l}0,1,\ldots,\yen f.\mathrm{I}1k-k,\ldots-\prime 1,\yen f_{\vee}\}\mathrm{g}0\end{array}$ $k<0k\geq 0\text{ }\subsetneqq \text{ }$ !
$\text{ }$
$\pm k\delta=-k\delta\Delta\cup k\delta=-k,$
$\ldots,$ $-1,0$, $1$ ,
..., $k$ .
, $\delta$- , $p=q$ $p$
( , $1=2\delta\rangle$ . \mbox{\boldmath $\delta$}- \mbox{\boldmath $\delta$}+l\mbox{\boldmath $\delta$} $=\{$
$k\cdot t\delta=(k\cdot l)\delta$ .
$q$
$(k+l)\delta$ , $k$ , $l$ ,
$\pm\max\{|k|, |l|\}\delta$, $k$ , $lt^{\mathrm{i}}\#\mathrm{f}\mathrm{f}\backslash \doteqdot\emptyset\ \mathrm{g}$ .
2.1 $x,y,$ $z\in 1\mathrm{R}$ . (1) $\lfloor-x\rfloor=-\lceil x\rceil,$ (2)x-l $<\lfloor x\rfloor\leq x(.\cdot\cdot \mathrm{L}x\rfloor\leq x<\lfloor x\rfloor +1),$ (3) $x\leq\lceil x\rceil<x+1(.\cdot$. $\lceil x\rceil-$
$1<x\leq\lceil x\rceil),$ $(4)[x\rfloor+\lfloor y\rfloor=\lfloor x+y\rfloor-\delta_{\iota}(5)\lceil x\rceil+\lceil y\rceil=\lceil x+y\rceil+\delta,$ $(6)[x]_{\ell td}+[y]_{\iota td}+[z]_{std}=[x+y+z]_{*td}\pm\delta$ .
( ) : $(1)\sim(3)$ ( [2]) (4) : $x\mathrm{m}\mathrm{o}\mathrm{d} 1=\Delta x$ -\lfloor x\rfloor ( $x$ ) $\langle$ , $0\leq x\mathrm{m}$od $1<1$ ,
$0\leq x\mathrm{m}$od $1+y\mathrm{m}$od $1<2$ . , $0\leq x+y-(\lfloor x\rfloor+\lfloor y\rfloor)<2$ , $\lfloor x+y\rfloor$ -(\lfloor x $[y\rfloor$ ) $=0$ 1. (5):
(4) (1) , $-(\lceil x\rceil+\lceil y\rceil)=-\lceil x\dagger y\rceil-\delta$. $(6):$ (4) , [x]*td+[y]*td+[z].\iota d=\lfloor x+1/2 \lfloor y+1/2 $\lfloor z+1/2\rfloor=$
\lfloor X+y+l $\lfloor z+1/2\rfloor-\delta=\lfloor oe+y+z+1+1/2\rfloor-2\delta=[x+y+z].td+1-2\delta=[x+y+z]_{std}\pm\delta$ .
, $x$ $\mathrm{n}$ , ( , ) , $\lfloor x\text{ }$
$n-1$ ($n-1$ , \lfloor n/2\rfloor , ) .
2.1 $\sum_{\dot{*}=1}^{n}x_{i}=x\in \mathrm{R}$ . (1)\Sigma 1 $\lfloor xi\rfloor=\lfloor x\rfloor-(n-1)\delta,$ $(2)$ \Sigma l $\lceil x_{i}\rceil=\lceil x\rceil+(n-1)\delta,$ $(3) \sum_{1=1}^{\mathfrak{n}}.[x_{1}.]_{\iota td}=$
$[x]_{*td}$ $\lfloor n/2\rfloor\delta$ .
( ) $n=1$ . (1): 2.1 (4) . $n=2$ . $\mathrm{n}=3$ , $\lfloor x_{l}\rfloor+\lfloor x_{\mathit{2}}\rfloor+\lfloor x\mathrm{a}\rfloor=$
$\lfloor x_{1}+x_{\mathit{2}}\rfloor+\lfloor x_{8}\mathrm{J}-\delta=\lfloor x_{1}+x_{2}+xs\rfloor-2\delta$. $n-1$ $(2):(1)$ . (3): 2.1 (6) , $n=3$
. $n=5$ , $[x_{1}].td+[x2].u+[x_{3}]_{\ell td}+[x_{4}]‘ td+[x\iota]_{std}=[x_{1}+x_{2}+x_{3}].\ell d+[x_{4}].\ell d+[x_{5}].td\pm\delta=$
$[x_{1}+x_{2}+x\epsilon+x_{4}+x_{5}]_{\ell td}\pm\delta\pm\delta=[x_{1}+x_{2}+x\mathrm{s}+x_{4}+x_{8}].td\pm 2\delta$ . $\text{ }\mathrm{f}\mathrm{f}\mathrm{i}*\text{ }$ $\eta$ # . $\sum_{=1}^{2k+1}.\cdot[X:]_{*td}=[x].td\pm k\delta$
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2.
. , $x_{2k+1}=0$ , $n$ $\sum_{=1}^{2k}.\cdot[x_{\mathrm{i}}].td=[x]_{std}\pm k\delta$ . k=\lfloor n/2
.
$\square$
, . , $x_{1}=1+\Delta(0<\Delta<1),$ $x_{i}=1-\Delta/(n-1)(2\leq$
$i\leq n)$ . $\sum_{=1}^{n}.\cdot x_{i}=n$ , $\sum_{=l}^{n}.\cdot\lfloor x_{i}\rfloor=1$ .
. .
2.2 :
INPUT: $n$ . $v_{1},$ $v_{2},$ $\ldots,v$n’ $S$ .
OUTPUT: $\sum_{i=1}^{n}$ Round( i. $\alpha$) $=S$ $\alpha$ ( , Round($\tilde{s}.\cdot\cdot\alpha$ )) .
, $\tilde{S}-$ $S \cdot v:/\sum_{j=1}^{n}v_{\mathrm{j}}$ , Rou (x) .
$\sum_{i=1}^{\hslash}$ Round(v:/\beta ) $=S$ $\beta$ (1 ) , 1
. $\beta$ ( )
. (divisor method) .
, . .




OUTPUT: $\sum_{=1}^{n}\dot{.}\lfloor\overline{s}i+\alpha\rfloor=S$ $\alpha$ ( , $\lfloor\tilde{S}j+\alpha\rfloor$ ) $\dagger$ .
$\alpha$ $0\leq\alpha<1$ } $-\vee$ ( $\cdot.\cdot$ \Sigma 1 $\lfloor\tilde{s}_{j}+1\rfloor>S$) $\mathrm{t}$
$\alpha$ , 6. ,
. , $\alpha$ ,
.
, ( 1 1
) , (
).
$[17, 7]$ , 2 1 0
. , 2.1 (4) . , 2.2
.
2.1 . (critical party)
( 1 $\mathrm{C}$ ) $\iota$
(1) 2 1 , 1 .
(2) .
( ) , 2.2 , $\alpha$ 1 , $S$
$\lfloor\overline{s}:\alpha\rfloor$ . (1): 2 , 2 1
1 , $\mathrm{t}(\tilde{s}j+\tilde{s}_{k})\alpha$ $=\lfloor\tilde{s}\mathrm{j}\alpha\rfloor+\lfloor\tilde{s}_{k}\alpha\rfloor+1$ . ,
$S$ $S+1$ , $\alpha$ $S$
. $\alpha$ , (2):




. 1 , 2
[12] (try and error) . .
bazi [15] . ( ,
$[16, 6]$ )
$\mathrm{t}$
{ $\triangleright$ $|J$ [14]
1. $\cdot(1\leq$ . $\leq n)\}^{}$ $\mathrm{a}$ ’ ( $f$. $w_{1}$. $=v \dot{.}/\sum_{j=1}v$i $|$ $:=\lfloor$S. $w:\rfloor$ .
2. ’ . $d=S- \sum_{j}=1$ : $\square$ $\backslash$ :
2.1 $(s:_{\mathrm{m}\mathrm{I}}+1)$/wi $\mathrm{i}=$ $.\mathrm{n}$ {$(s:+1)/w:$ I $1\leq:\leq n$ } : in
2.2 $S:_{\mathrm{m}\mathrm{n}}.=s:.\mathrm{n}+1$
3.1 $O(n\log n)$ .
( ) : $v:/s$ $S$ ,
$s/w:=s/v: \cdot\sum_{\dot{*}=\mathrm{j}}^{n}v$j . , 8 .
, 0 . . ,
. , [14] .
: $[1, 4]$ , 2.1 $o$(log $n$)
. , 2.1 (1) , 7*2. d=\Sigma l $S \cdot w:-\sum_{j}^{n}=1\lfloor$s. $w:\rfloor\leq n-1$




$(S+1) \cdot v_{*}./\sum_{j=1}^{\mathrm{n}}v$j .
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, [14] , 4. $O$ (n) ,
$O$ (n2) . , ,
.
. $o$ (Sn) .
4.
’ \mbox{\boldmath $\tau$} .5 \chi
$\mathrm{a}\ovalbox{\tt\small REJECT}_{\text{ }.\text{ }X\mathrm{O}\text{ }^{}\mathrm{e}\mathrm{a}\mathrm{e}\text{ }\mathrm{R}\text{ }\#*\#*\{\mathrm{i}\Xi \text{ }/=\mathrm{f}\text{ }}2\theta\hslash \text{ }l\phi\mathrm{B}\text{ }T\mathfrak{L}\mathrm{f}\mathrm{f}\mathrm{i}4+\text{ }\#\mathrm{R}^{-\text{ }\mathrm{A}\Xi\ovalbox{\tt\small REJECT}}.\iota \text{ }b\text{ }-1\text{ }|.\supset,\text{ }\prime \mathfrak{B}\mathrm{f}\mathrm{f}\mathrm{i}\text{ }s_{*X\text{ }\mathrm{O}\text{ }\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{f}\mathrm{f}\mathrm{i}\text{ }s_{\mathit{8}}s\text{ }9}\text{ }\underline{r}_{\supset ae*ss\text{ }\emptyset \text{ _{}\hslash}},\llcorner^{\prime\supset\mathrm{A}}\vee\cdot|$
4.1 $O$ (n) .
( ) : 2.3 . 2. , $d$
$[1, 4]$ $O$ (n) . $O$ (n) , $o(n)$
. 0
4.2 $O$ (n) .
( ) $\underline{\mathrm{j}\mathrm{E}\text{ }\{*}$ : ,
( $s/\tilde{s}_{*}$. $=s/w:/S$ ). T ,
$\sum_{-=1}^{n}s$\tilde i. $\alpha=S\cdot\alpha$ 2.1 (1) , $\sum_{=1}^{n}.\cdot\lfloor\tilde{s}!\cdot\alpha\rfloor\geq\lfloor S\cdot\alpha\rfloor-(n-1)$ .
$\sum_{1=1}^{n}.\lfloor\tilde{\epsilon}.\cdot\cdot\alpha\rfloor=S$ , $\alpha$ $\lfloor S\cdot\alpha\rfloor\leq S+(n-1)<S+n$
. , $s\cdot(S+n)/S=S+n$ , $\alpha$ $\alpha<(S+n)/S$ .
: 1. 4. $O$ (n) . T , $C_{1}^{1}$
$O$(n) , $s=\tilde{s}.\cdot\cdot\alpha<S_{i}\cdot(S+n)/S$ ,
$|C-|=|\{s|s<\tilde{s}:(S+n)/S,s>s_{1}^{0}., s\in \mathrm{N}\}|$
$\mathfrak{v}$ ? $-$ $\mathrm{t}$ . , 2.1 (2) $\sum_{1=1}^{n}.\overline{\theta}_{1}$. $=S$ , $|C|= \sum_{-=1}^{n}1^{c_{\mathrm{i}}}1<\sum_{1=1}^{\mathfrak{n}}.\{\tilde{s}-(S+n)/S-s^{\mathrm{Q}}.\cdot\}$
$\leq\sum_{1=1}^{n}.\{\tilde{s}:(1+n/S)-\overline{s}_{*}.\rangle+n=\sum_{-=1}^{\mathfrak{n}}$ $\tilde{s}.\cdot\cdot n/S+n=2\mathrm{n}$ . , 2. $o(n)$
, 3. $[1, 4]$ , $O$ (n)
.
: $s^{0}.\cdot=\mathrm{R}\mathrm{o}\mathrm{u}\mathrm{n}\mathrm{d}(\mathrm{i}_{\mathrm{i}})$ ,
( ) Ci 4.2 .
$\mathrm{t}_{\mathrm{g}}<\overline{s}:(S+n)/S$ . $\delta$ $\overline{s}:(S+n)/S$ . . $\cdot$ . $\epsilon\leq\lceil\tilde{\epsilon}_{\dot{l}}(S+n)/S\rceil-1$ . [18] g , $\sim\vee 7$) $\mathrm{R}\mathrm{I}\mathrm{I}$
$s\leq\lfloor\tilde{\epsilon}.\cdot(S+(n-1))/S\rfloor$ .
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: $\{\alpha|\alpha>(S-n)/S, \alpha=s/\tilde{\mathit{8}}_{1}., s<s_{1}^{0}., s\in \mathbb{N}\}$
:{ $\alpha$ { $(S-\lfloor n/2\rfloor-1/2)/S\leq\alpha<(S+\lfloor n/2\rfloor+1/2)/S,$ $\alpha=s/\overline{S}j,$ $s\neq s^{0}.\cdot,$ $s$ \in }
: $\{\alpha|(S-n)/S<\alpha<(S+\lfloor n/2\rfloor+1/2)/S, \alpha=s/\overline{s}:, s\neq s_{i}^{\mathrm{o}}, s\in \mathbb{N}\}$
, $|C|= \sum_{\mathrm{i}=1}^{n}|C\dot{.}|=O$(n) . , $\alpha$
.
3 . 22 2000
( T ). , $\alpha$
$\langle$18 ).
. 1 , 3, 2, 1, 1, 0, 0, 0, $\alpha$ 1.636,
$+3,$ $+1,$ $+1,0,$ $+1,$ $+1,0$ .
5.
.
. , 3 $\mathrm{M}\mathrm{S}$ Excel (
SMALL( , ) ) $\mathrm{t}$
. ( $\alpha$ ) [13]
(Generalized Apportionment Problem) } .
.
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